A cohort of some 11 000 men born and employed for at least one month in the chrysotile mines and mills of Quebec Of the 33 deaths from mesothelioma in the cohort to date, 28 were in miners and millers and five were in employees of a small asbestos products factory where commercial amphiboles had also been used. Preliminary analysis also suggests that the risk of mesothelioma was higher in the mines and mills at Thetford Mines than in those at Asbestos. More detailed studies of these differences and of exposure-response relations for lung cancer are under way.
and 300 mpcf.y. Over seven narrower categories of exposure up to 300 mpcf.y the SMR for lung cancer fluctuated around 1-27 with no indication of trend, but increased steeply above that level. Mortality from pneumoconiosis was strongly related to exposure, and the trend for mesothelioma was not dissimilar. Mortality generally was related systematically to cigarette smoking habit, recorded in life from 99% of survivors into 1976; smokers of 20 or more cigarettes a day had the highest SMRs not only for lung cancer but also for all causes, cancer of the stomach, pancreas, and larynx, and ischaemic heart disease. For lung cancer SMRs increased fivefold with smoking, but the increase with dust exposure was comparatively slight for non-smokers, lower again for ex-smokers, and negligible for smokers of at least 20 cigarettes a day; thus the asbestos-smoking interaction was less than multiplicative.
Of the 33 deaths from mesothelioma in the cohort to date, 28 were in miners and millers and five were in employees of a small asbestos products factory where commercial amphiboles had also been used. Preliminary analysis also suggests that the risk of mesothelioma was higher in the mines and mills at Thetford Mines than in those at Asbestos. More detailed studies of these differences and of exposure-response relations for lung cancer are under way.
(British J'ournal ofIndustrial Medicine 1993;50: 1073-108 1)
At a meeting in New York in 1964 of the Working Group on Asbestos and Cancer of the International Union against Cancer,' it was recommended that priority should be given to research on the health effects of exposure to the various types of asbestos fibre and to the elucidation of exposure-response relations. As a consequence of this and at the invitation of the Canadian government a comprehensive series of studies, directed at all aspects of exposure to chrysotile asbestos, was begun by our group (1) to increase the body of data on all types of malignant disease for analysis of exposure-response by the more advanced techniques now available,6 and (2) to study further the nature of the interaction between exposures to asbestos and tobacco smoke with information on smoking habit taken from cohort members while still alive rather than from their relatives after death. It would also be possible to evaluate the hypothesis that the risks of environmentally induced mesothelioma and perhaps lung cancer rise much more than exponentially with time since first exposure. 7 The findings presented in this paper focus on the broad pattern of mortality in male cohort members who survived into 1976, with analyses by the subject-years method, comparing the numbers of deaths observed against the numbers expected from the experience of the general population of Quebec. This initial approach was chosen to facilitate comparison of the results with those published previously. Later papers will examine in greater detail all aspects of the relations between exposure to asbestos and mesothelioma and lung cancer.
Materials and methods

ASCERTAINMENT OF DEATHS AND CAUSE OF DEATH
The main task of tracing the 5351 surviving men was undertaken primarily by the same two research assistants, one in each of the two main mining regions, who have helped with this work almost since its inception. Additional inquiries had nevertheless to be made through vehicle licencing bureaux and a wide range of social security and other official agencies. All (0) were compared with the numbers expected (E) from the experience of the general population of Quebec by means of O/E ratios, and we follow the usual practice of terming them standardised mortality ratios (SMRs). Study interval has been defined as that period over which each subject is studied in a particular aspect of the analysis,4 and only for table 3 did each subject's interval start on 1 January 1976. For tables 4 to 9 the start was at 20 years after first employment in the industry: there were 200 men whose record of first employment was after 1955; of these 52 were at Mine 5, which started operations, near Thetford, only in November 1965. There had been 27 deaths before the starts of study intervals and these were excluded from the analyses; subject-years for the remaining 173 men were accumulated only after 20 years had elapsed. Of the 27 deaths, 22 were men from Mine 5; five of these were from pneumoconiosis, five from lung cancer, eight from ischaemic The asbestos effect'2 is the ratio of the SMR for exposed workers (taken here as those exposed to 60 or more mpcf.y) to that for the unexposed (taken as exposed to less than 60 mpcf.y); the relative asbestos effect'2 is the ratio of the asbestos effect for non-smokers to that for smokers, here 1-65/1 -01 = 1 -6. there was no evidence of a gradient over seven classes of exposure up to 300 mpcf.y, although above that value the risk increased greatly.
SMOKING HABIT
In contrast with the findings just described the relations between mortality and cigarette smoking were generally strong and systematic ( %) and SMRs. The two sets of data presented are similar in both PMR and SMR only for abdominal and "other" malignancies, pneumoconiosis, and stroke. There has been a clear increase in the number of deaths from mesothelioma, an even greater decrease in deaths from pulmonary tuberculosis, presumably in line with national trends, and an increase in lung cancer. The SMRs for heart disease, for "other" respiratory diseases, and for external causes were similar in the two periods, but the PMRs had changed considerably. The 33 deaths from mesothelioma in the cohort to date, 28 in miners and millers and five in the small subcohort of factory workers, were primarily of the pleura; in one case with low diagnostic probability the peritoneum was also affected. Less than half of these deaths (15) were correctly coded to ICD 163, the remainder to various other codes. The evidence on differences in risk in the two main mining areas and the small asbestos products factory, apparent in table 9, was reinforced in a preliminary analysis.'4 These 33 cases are the subject of a detailed study to be published separately, with special attention to the possible role of fibrous tremolite and other amphiboles and to exposureresponse. Eventual resolution of these complex aetiological issues will require an extensive survey of lung tissue for fibre analysis.
Meanwhile, the proportional mortality from mesothelioma in chrysotile miners and millers, excluding the factory workers, has reached 0 4%; nevertheless, this is much lower than has already been found in cohorts exposed to commercial amphiboles at a much earlier stage of mortality. In American insulation workers and in South African crocidolite miners, as instances, the corresponding figures had reached 7-7% and 4 7%, when the overall mortality was still less than 13% and 17%, respectively. '5 Ih Although the SMR for lung cancer has now increased from 1-25 to 1-38, table 6 gave no indication of a trend over seven classes of exposure up to 300 mpcf.y (Spearman rank correlation coefficient = -0 04). Below 300 mpcf.y, the SMR fluctuated around 1-27, with a strong suggestion from table 8 that this excess over expectation was largely explained by cigarette smoking. The data on which table 8 is based can be used for calculation of the relative asbestos effect'2; many values can be obtained, depending on how "exposed" and "unexposed" are determined and even on the definitions of smokers and non-smokers, but all we have calculated were considerably greater than unity, the value that would arise if the asbestos-smoking interaction were multiplicative. Berry et al, in a review of six studies,'2 including our earlier report on cohort mortality to 1975,5 found an average relative asbestos effect of 1-8; the figure we consider comparable is similar-namely, 1-6 (see footnote to table 8). This and the gradient in asbestos effects shown in table 8 provide further confirmation that the interaction between smoking and asbestos is less than multiplicative-and far from simple.
The risk of lung cancer in relation to exposure to asbestos and smoking cannot, however, be examined adequately by the subject-years method, even with Poisson regression analysis and despite the large number of events. It has become increasingly evident that the linear relations that have been found between SMRs and cumulative exposure are an oversimplification. Instead, forms of analysis are required that are capable of assessing the separate and combined effects of duration and intensity of exposure to asbestos, with appropriate allowance for a number of time related variables,6 17 and with due regard to cigarette smoking. This work is now under way and will also be reported at a later date. 
